The physicochemical properties of and 2-hydroxy-5-nonylacetophenone oxime, the active species of SME529, were measured in the system consisting of Dispersol, a commercial organic diluent, and aqueous sulphate solution. The initial extraction rate of copper with this chelating agent was studied by use of a transfer cell with a free flat interface. The effects of the concentrations of copper, proton and extractant on the initial extraction rate were reasonably interpreted by a mechanism where by the extraction rate is determined by the secondary complex formation and the diffusion of extractant in the organic phase.
Introduction
Since industrial chelating agents that selectively extract copper from dilute-acid leach liquors in the presence of ferric ion were developed, manystudies on the kinetics of copper extraction with industrial extractants have been carried out.1'3'4'13* However, the observed extraction rates are not consistent, probably due to use of different techniques and extraction conditions.
Because industrial chelating agents have long alkyl groups to prevent loss into the aqueous phase, these agents have inter facial activity. Therefore, it is deduced that the chelation proceeds mainly at the organic-aqueous interface and that the extraction rate is greatly influenced by inter facially active impurities in extraction systems. Further, the mass transfer processes in the organic and aqueous phases, and especially the adsorption process of the chelating agents, have to be considered. Thus, the removal of impurities from the system is important to clarify the extraction mechanism of metal with industrial extractants. Fromthis point of view, studies of the extraction mechanism of copper with anti 2-hydroxy-5-nonylbenzophenone oxime,7) the active species of LIX 65N, and with pure synthesized 2-hydroxy-5-£-octylacetophenone oxime2) were reported.
In this study, the extraction of copper with anti 2-hydroxy-5-nonylacetophenone oxime, the active species of SME529, is discussed from the viewpoint Received July 3, 1982 . Correspondence concerning this article should be addressed to Y. Miyake.
VOL 16 NO. 3 1983 of equilibrium and kinetics.
1. Experimental
Reagents
The extractant used was anti 2-hydroxy-5-nonylacetophenone oxime {anti HNAPO or HR) that was purified from SME 529, obtained from Shell Chemical Co. of Japan, Ltd., according to the procedure of Preston and Whewell.10) The purity of anti HNAPOwas found to be more than 97% by H-NMR spectroscopy. The chemical shifts of syn-and antiisomer were 2.53 ppm and 2.33 ppm, respectively.
The commercial extractant SME 529 was also used as received. SME529 contained 50 vol% anti HNAPO, sjw-isomer and other impurities such as nonylphenol.
Dispersol® offered by Shell Chemical
Co. of Japan, Ltd. was used as the organic diluent.
Copper sulphate solution was used, and the pHwas adjusted in the range of 1.0 to 4.5 with sulfuric acid or sodium hydroxide. The ionic strength was controlled to be 0.2 mol/dm3 with sodium sulphate in most cases. All inorganic chemicals were analytical grade.
Equilibrium studies
The distribution of anti HNAPO between the organic and aqueous phases was obtained according to the usual method.5'6) The concentrations of anti HNAPO in the organic and aqueous phases were measured with a spectrophotometer. The extinction coefficient was 2.59x106 cm2/mol at 315nm in Dispersol and that of the anion of anti HNAPO, which is the predominant species in aqueous solution of pH above ll.7, was 4.77x 106 cm2/mol at 350nm. The distribution of copper was also obtained by the usual procedures.5>6) The copper in the organic phase was completely stripped with 6 mol/dm3 HC1and the concentration of copper in the aqueous phase was analyzed with an atomic absorption spectrophotometer. The copper of high concentration was titrated with EDTA solution using PAN (l-(2-pyridylazo)-2-naphtol) as an indicator. The inter facial tension was measured by the pendant drop method.9) All equilibrium experiments were carried out at 298 K.
Kinetic studies
The stirred transfer cell used for this study is shown in Fig. 1 
Whenthe pH in aqueous phase is muchlower than pKa, the second term of the denominator in Eq. (6) is negligible and Eq. (6) the other hand, dissociated anti HNAPO is predominant at higher pH and Z is proportional to pH.
The value of the abscissa of the intersection of two asymptotes, as shown by broken lines in Fig. 3 , gives the value of pKa, i.e., Ka=2ttx 1(T14 mol/cm3. For both the purified and unpurified oximes, almost the same values of pKa were obtained. The inter facial tension, y, is also plotted against total concentration of anti HNAPOin Fig. 2 . The inter facial tension is almost constant above 2 x 10~5 mol/cm3, which corresponds to the concentration where aggregates ofanti HNAPO begin to form in the organic phase. The inter facial excess quantity of anti HNAPO, rHR, is calculated by the following Gibbs equation.
= -rHR(KTMln The parameters of Eq. (8) were calculated as follows.
(2) Copper extraction equilibrium The overall distribution ratio is defined by Eq. (ll), ) where [Cu] , is the total concentration of copper in the aqueous phase.
[Cu], transfers from aqueous phase, maintained at a constant pH above pKa ofanti HNAPO to organic phase, the time dependency of the concentration of anti HNAPO in the organic phase is expressed by the following equations.
Here, the concentration of anti HNAPO was so low that only the monomerexists in the organic phase. It is assumed that the following equilibrium relation holds at the organic-aqueous interface. (25) could be plotted against t. This plot was found to give a straight line, and the overall mass transfer resistance, r, was calculated from its slope. As shown in Fig. 6 , the plot ofr vs.
[H+]b also gave a straight line, and kom and ka were caclulated from the intercept and the slope of the line, respectively. £om=5.56 x lO~5cm/s
&a=2.01 x l0-3cm/s
Considering that the value of komis smaller than the estimated value* and also that anti HNAPO is surface-active, the value obtained might contain the inter facial resistance which arises from the slow ad-" sorption process of anti HNAPO.
(2) Effects of concentration on initial extraction rate * When phenol was transferred instead of anti HNAPO the mass transfer coefficient in the Dispersol was obtained as ko= 2.70 x 10~4 cm/s. Using the diffusivity of anti HNAPOin Dispersol estimated by the Wilke and Chang equation14* and the relation ofkocD2/3,12) the value of kom was estimated as 1.6 x 10~4 cm/s. 
At steady state, the initial extraction rate is equal to the sumof the diffusion rates of monomer and dimer 
The ratio of mass transfer coefficient of the dimer and the monomer, (kod/kom), was estimated as 0.76 by assuming that the mass transfer coefficient is proportional to D2/3 12) and the molar volume ofdimer is twice that of monomer. Here, the difTusivity was estimated by the Wilke and Chang equation.14)
The initial extraction rate was calculated from Eqs.
(80, (34) and (37) by the trial-and-error method, i.e., assumption of the value of [HR] . was continued until Jf values calculated from these equations agreed with each other. Figure 7 shows that the effects of copper and proton concentrations on the initial extraction rate with anti HNAPO concentration remained constant. The initial extraction rate is correlated by the concentration ratio of copper and proton as predicted by Eqs. (34) 
This equation means that the initial extraction rate is limited by the diffusion of anti HNAPOin the organic phase. This condition corresponds to the case where the concentration of HR at the interface is negligibly small compared to that in the bulk organic phase.
Therefore (Jf)max was calculated by Eq. (39) using the value kom as 4.1 x 10 9 mol/(cm2s), which is in agreement with the observed value as shown in Fig. 7 . The rate parameter of Eq. (34), kfrHRf, was calculated from the data in the region where Jf is proproportional to [Cu]f/[H+]ft as shown in Fig. 7 . As rHR is equal to FgR under this condition, the rate parameter was calculated as follows.
The complexation of copper with sulphate ion is expressed by
Cu(SO4)22" + SO42 -^^Cu(SO4)34 -
The consecutive stability constants of these reactions are ft = 10 dm3/mol, ft= 12.6 dm6/mol2 and ft=200 dm9/mol3, respectively.1^The ratio, /, of hydrated copper ion fo total copper concentration was calculated and plotted against ionic strength as shown in Fig. 8 . As the value of/is 0.63 at 7=0.2mol/dm3, the rate constant was calculated as follows. kf= 1.9 x 104 cm3/(molà"s)
The solid line in Fig. 7 is the curve calculated by using the obtained values of parameters. The effect of ionic strength of Jf is also shown in The effects of temperature on Jf at pH 2 and 4.5 are shown in Fig. 10 . As described above, it was confirmed that the rate-determining step at pH=2 is the secondary complex formation and that at pH=4.5 is the diffusional process of anti HNAPO in organic phase. The apparent activation energies of the rate parameter and mass transfer coefficient were obtained as 125kJ/mol and 15.2kJ/mol, respectively. These values are considered to be reasonable.
Conclusion
Equilibrium and kinetic studies on the extraction of copper with anti 2-hydroxy-5-nonylacetophenone oxime, the active species of commercial chelating agent SME529, were carried out by use of a transfer cell. The distribution constant between Dispersol, the commercial organic diluent, and aqueous phase, and the dissociation constant of the extractant were measured. Little difference in these properties was observed between anti HNAPOand unpurified SME529.
The inter facial excess quantity of the monomerof extractant was correlated by the Langmuir adsorption isotherm. The distribution of copper was also presented. The values of extraction constant are almost the same for both anti HNAPOand unpurified SME 529.
The mass transfer coefficients of the transfer cell were obtained by measurements of rate of transfer of this extractant. The rate-determining step varied from the process of secondary chelation to the diffusional step of extractant in the organic phase with the increase in concentration ratio of copper and proton. When extractant concentration is low, the overall reaction is second-order with respect to the extractant and its concentration dependency decreased with its increasing concentration. These dependencies were reasonably interpreted by the proposed mechanism. The extraction rate with unpurified SME529 was considerably smaller than that with anti HNAPO.This difference is probably due to a decrease in quantity of adsorbed anti HNAPO,which is caused by competitive adsorption of the sjw-isomer and nonylphenol. 
